The ∆Sxr b deletion interval of the mouse Y chromosome contains Spy, a spermatogenesis factor gene(s) whose expression is essential for the postnatal development of the mitotic germ cells, spermatogonia. The boundaries of ∆Sxr b are defined by the duplicated genes Zfy1 and Zfy2 and four further genes have previously been mapped within the interval: Ube1y and Smcy, linked with Zfy1 on a contig of 250 kb, and Dffry and Uty, which were unanchored. The interval was estimated to be >450 kb. In order to identify any further gene(s) that may underlie Spy, systematic exon trapping was performed on an extended contig, anchored on Zfy1, which covers 750 kb of the ∆Sxr b interval. Exons from two novel genes were isolated and placed together with Dffry and Uty on the contig in the order Dffry-Dby-Uty-Tspy-Eif2γy-SmcyUbe1y-Zfy1. All the genes, with the double exception of Tspy, are X-Y homologous and produce putatively functional, spliced transcripts. The tight linkage and order of Dffry, Dby and Uty was shown to be conserved in deletion intervals 5C/5D of the human Y chromosome by the construction of a contig of human PAC and YAC clones; this represents the first example of syntenic homology between Y chromosomes from two distinct mammalian orders. Interval 5C/5D contains the distal boundary of the AZFa interval, which, like ∆Sxr b , is believed to be necessary for spermatogonial development in the prepubertal testis. Our results therefore show that AZFa and Spy may be encoded by homologous genes.
INTRODUCTION
The Y chromosome is essential for normal germ cell development in mice and humans. Spermatogenesis factors have been localized to distinct deletion intervals in both species by the molecular analysis of infertile and subfertile individuals. In the human, three distinct intervals have thus been defined on the long arm of the chromosome (1,2), designated AZFa, AZFb and AZFc. The majority of individuals with deletions of the AZFa interval have small testes devoid of germ cells and it is therefore believed that the interval encodes factors required for the early prepubertal development of mitotic germ cells, the spermatogonia (1, 3) . The AZFb and AZFc factors are believed to be critical at later meiotic and post-meiotic stages (1) . In the mouse the deletions of genetic material that have been defined affect either spermiogenesis (the process by which round spermatids differentiate into mature spermatozoa) or prepubertal germ cell proliferation. Deletions involving the long arm and the pericentromeric region cause increased production of abnormal spermatozoa (4-7), while deletion of the ∆Sxr b interval from the minute short arm of the Y chromosome blocks postnatal proliferation and survival of the spermatogonia (8) . The similarities between the phenotypes associated with the human AZFa deletion and the mouse Sxr b deletion suggest that the Sxr b mouse represents a valuable model system which will further our understanding of the role of the Y chromosome in male infertility.
The Sxr b deletion arose in a stock of mice carrying the Sxr or Sxr a (sex-reversed) mutation (9, 10) . Sxr a carrier males have a duplication of most of the Y short arm, translocated to the distal end of the Y chromosome pseudoautosomal region (11) (12) (13) (14) . The duplicated segment is called the Sxr a region and during male meiosis it is transferred to the X chromosome by pseudoautosomal recombination, giving rise to XXSxr a progeny. These mice develop as males because of the presence of Sry in the Sxr a region but have limited postnatal germ cell development because of the presence of two X chromosomes. This latter effect is avoided in XSxr a O mice, where all stages of spermatogenesis are present (15) . XSxr a O mice are nevertheless sterile, producing only a few malformed sperm: a combined effect of the absence of a meiotic pairing partner, which reduces the number of spermatozoa, and the absence of Y-borne spermiogenesis factors located outside the Sxr a region (5) . Nonetheless, the XSxr a O mouse shows that the tiny Sxr a region contains all the Y chromosome material required for the production of spermatozoa. The Sxr b region is a deletion variant of the Sxr a region and the interval deleted has been termed ∆Sxr b (16) (17) (18) . Unlike XSxr a O mice, XSxr b O mice have a severe early block in spermatogenesis affecting proliferation of the differentiating A spermatogonia shortly after exit of the germ cells from mitotic arrest, at birth. The spermatogenesis factor in the ∆Sxr b interval, necessary for normal spermatogonial development, has been termed Spy.
The ∆Sxr b deletion interval has been the subject of much molecular analysis directed towards understanding the role of this interval in spermatogenesis by identification of the gene or genes that encode Spy. The boundaries of the interval are precisely characterized, as the deletion arose by unequal crossing-over between duplicated zinc finger motif-containing genes, Zfy1 and Zfy2, which therefore define the breakpoints of the ∆Sxr b interval (19) . Cosmid contigs have been established within the interval containing ∼450 kb and these have been used to isolate two genes, Smcy and Ube1y, which are located within the same 250 kb stretch of DNA as Zfy1 (18, 20, 21) . The genes Uty and Dffry, isolated independently of their map position, have been mapped into the ∆Sxr b interval but have not yet been placed on a contig (3, 22) .
Here we present a transcription map based on a BAC and cosmid contig covering 750 kb of the ∆Sxr b interval. This map includes two new genes not previously isolated and shows the ∆Sxr b interval to contain a high density of X-Y homologous genes.
RESULTS

Exon trapping in the ∆Sxr b interval
In order to identify further candidate genes for Spy we have performed exon trapping on genomic DNA isolated from the ∆Sxr b interval in this and previous studies (18, 21) . All the genes presented in this study, with the exception of Dffry, were identified by exon trapping from cosmids and BAC clones which compose a single contig within the ∆Sxr b interval. Dffry was isolated by cross-hybridization using the human DFFRX cDNA, as has previously been described (3) . Exon trapping was performed on individual cosmids and BACs (see Materials and Methods) and the exon trap products were sequenced. Database searches were used to identify trapped products with homology to repeat elements or previously isolated genes. An exon was judged to be derived from a repeat element if it was homologous to a known element or if it hit several unrelated non-coding rodent sequences. The results of this analysis for the 'non-repetitive' clones are shown in Table 1 . The clone of origin is the cosmid (c) or the BAC (b) clone from which the product was trapped. The specificity of localization was determined by PCR analysis using the mouse genomic DNAs described in Figure 1b . The sequences of the primers used are given in Table 2 and the annealing temperature for each pair of primers in Table 3 . Homologous sequences were identified by database searches using the BLASTn program (60) .
Several of the trapped products are homologous to known genes. Three of the exons trapped from c118, a cosmid located between Smcy and the Sx1 cosmid contig, were 90% identical to a 500 bp contiguous stretch close to the 3′-end of the coding region of the human elongation initiation factor 2 γ subunit (eIF-2γ) gene (23) . Several exons trapped from cSx2.6 and b72 showed sequence identity to the published Uty cDNA sequence (22) . A product with 76% nucleotide identity to exon 2 of human TSPY (24) was trapped from both cSx2.7 and cSx1.3, suggesting that a TSPY gene was located in the overlap of these two cosmids. Products with 87-98% identity to DBY (25) were trapped from b81. Overall, eight products, E2, E6, E7 and E17-E21, were isolated for which there were no significant matches in the database. Screening a mouse testis cDNA library with E6 and E7 failed to detect any homologous cDNAs. E2 was shown to correspond to exon 6 of the rodent TSPY gene. We have shown that Tspy is in fact a decayed non-functional gene on the mouse Y chromosome (26) . Another group has also isolated a mouse Tspy gene which has been mapped to between Uty and Zfy2 on the basis of STS content of the ∆Sxr b clone YAC HB108 (27, 28) . The two published genomic Tspy sequences (GenBank accession nos AF022800 and AJ001379) are almost identical. It is most likely that the few differences are sequence artefacts and that both studies describe the same Tspy gene. We believe our localization to be correct, as it is based on hybridization to five separate clones in a cosmid and a BAC contig and the most probable explanation for the discrepancy in Tspy map position is that the insert of YAC HB108 (28) is rearranged or deleted.
Isolation and characterization of cDNAs
Screening of unamplified oligo(dT)-primed testis cDNA libraries led to the isolation of large cDNAs containing sequences with 98-100% nucleotide identity to exon trap products E3-E5, E8-E16 and E22-E25 (see Materials and Methods for details). The few discrepancies between sequences are most likely due to PCR-induced errors in the exon trap products and we therefore concluded that we had isolated cDNAs for the Uty gene and two previously unknown mouse Y chromosome genes: a homologue of the human EIF2γ gene and a homologue of human DBY. The EIF2γ homologous cDNA of 2.1 kb encodes a putative polypeptide with 97% identity to human eIF-2γ. The mouse Y chromosome gene was termed Eif2γy and its isolation and characterization are presented in detail elsewhere in this issue (29) . Eif2γy has previously been referred to as Tfy (30) .
Two of the cDNA clones had 98-100% identity to E8-E15 and to the published Uty cDNA (GenBank accession no. Y09222). Both cDNAs share an identical 3′-end which differed from the published 3′-terminus (22) , suggesting that the 3′-end of Uty isolated as a 3′ RACE product is either an artefact or a rare alternative transcript. The longer Uty cDNA isolated in this study (GenBank accession no. AF057367) is 5210 bp and extends 99 bp further into the 5′-untranslated region (UTR) than the previously published sequence. The probe used to screen the library is homologous to human UTY alternative transcripts 2 and 3 only. Both cDNAs have a structure corresponding to human UTY alternative transcript 3 (GenBank accession no. AF000994). A third clone, partially characterized by restriction enzyme digestion and end sequencing, was judged to have the same structure. This suggests that if there are alternative Uty transcripts in the mouse, the third form will be more abundant than the second in adult testis mRNA.
The DBY homologous cDNA (GenBank accession no. AJ007376) has a 1998 bp open reading frame (ORF) which has 89% nucleotide identity to DBY and it was therefore concluded that it contained the entire coding region of the mouse gene. The ORF encodes a putative polypeptide with 84% identity to DBY. We established that this cDNA was derived from a transcribed DBY homologue on the mouse Y chromosome by PCR and Southern blot analysis ( Fig. 1 ) and we have called this gene Dby. Inter-exon PCR from genomic DNAs showed that Dby localized to the ∆Sxr b interval (Fig. 1a) . RT-PCR was performed with the same primer pair on male and female cDNAs and an RTdependent product, corresponding in size to that expected from the Dby cDNA, was amplified from male cDNAs only. This product was amplified from testis, brain and liver, showing that transcription of Dby is not limited to the testis. Southern analysis of genomic DNA with a probe from the 5′-half of the Dby cDNA showed that the Dby gene localizes exclusively to the ∆Sxr b interval of the mouse Y chromosome (Fig. 1b) .
Assembly of a BAC contig in ∆Sxr b
BAC clones covering the ∆Sxr b interval from Zfy1 to the 3′-end of Dffry were isolated from a male 129SV mouse genomic library constructed in the pBeloBAC11 vector. Screening was by hybridization using previously described markers (3, 18, 21) and the markers generated in this study. The one gap in the contig lies within the 5′ coding exons of the Uty gene. We were also unable to recover any BACs that contained more than the 5′ extremity of Zfy1, despite the fact that five Zfy2 clones were isolated in a screen with the Zfy1 zinc finger exon (data not shown). Overlapping BACs in the contigs were determined by hybridization of markers and confirmed by comparison of HindIII-generated restriction fragment profiles. The orientation of genes on the contig was determined by hybridizing probes from the 3′-and 5′-ends of each cDNA to HindIII-digested DNA from the BACs of the contig (data not shown). The presence of at least one BAC with an extremity that lies within a gene allowed orientation in all cases except for Dby, which is contained completely within the overlap of b99 and b81, but does not extend into b100. The orientation of Dby was determined by long PCR between Dby and either Dffry or Uty as described in Materials and Methods. A product was amplified only between the 5′-end of Dby and the 3′-end of Dffry and the 3′-end of Dby and the 5′-end of Uty (data not shown). The distribution of the genes and the Sx1D locus relative to the BACs and cosmids is schematized in Figure 2 . The map shows a tight array of seven functional X-Y homologous genes and the non-functional mouse Tspy gene, in the order Dffry-Dby-UtyTspy-Eif2γy-Smcy-Ube1y-Zfy1.
Syntenic homology between the mouse and human Y chromosomes
The tight linkage of Dffry-Dby-Uty on the mouse Y chromosome is echoed on the human Y chromosome map, where DFFRY, DBY and UTY have been co-localized to deletion interval 5C (25) . To investigate whether or not this truly reflects an unprecedented conservation of three genes as a block on the human and mouse Y chromosomes, human YAC and PAC clones which cover the genomic region coding DFFRY, DBY and UTY were identified. These clones were assembled into a single contig by STS content analysis using markers specific for the genes, together with sY83-sY88 (Fig. 3) . In the case of BAC clones 91n20 and 99c9, the overlap was established on the basis of comparison of BglII and EcoRI restriction fragment profiles only. The arrangement of the mouse and human genes is strikingly similar, with the human genes lying in a region of several hundred kilobases, as in the mouse. The gene order is identical in the two species, as are the relative orientations of the DFFRY and DBY genes. This latter result was confirmed by analysis of the complete sequence of a BAC clone (GenBank accession no. AC004474) which extends from the 3′-end of DFFRY through DBY. Although the orientation of the human UTY gene remains to be established, we conclude that the DFFRY-DBY-UTY gene block has probably remained intact on the Y chromosome since the human and mouse lineages diverged from a common ancestor 80 million years ago.
Comparative analysis
All the functional genes that have been identified in the ∆Sxr b interval have a homologue on the X chromosome (30) (31) (32) , [Eif2γy (29) ; Dby (N. Saut and M.J. Mitchell, unpublished data)]. Comparative Southern blot analysis shows that such genes have homologues conserved on the Y chromosome in many other orders of mammal, but that there exist exceptional species, different for each gene, where no Y homologue can be detected (30) . To establish the pattern of conservation on the mammalian (Fig. 4) . The same analysis is shown for Eif2γx in an accompanying paper. Two further X-Y homologous genes, TB4Y and EIF1AY, have recently been placed on the human Y chromosome map (25) . To provide a more complete picture of the conservation of mammalian X-Y homologous genes, cDNA probes for the human TB4X and EIF1AX genes were also hybridized to the zoo blots (Fig. 5) .
The general impression given by the zoo blots is that, like other previously isolated X-Y homologous genes, copies of Uty, Dffry, Dby, EIF1AY and Eif2γy are conserved on the X and Y chromosome in a broad range of mammals. In most species, clear male-specific fragments indicate the presence of a Y homologue, while the presence of male/female common bands which hybridize with less intensity in male than in female DNA indicates the presence of an X homologue. The presence of strongly hybridizing bands of equal intensity in male and female tracks may indicate the presence of a retroposed copy of the X gene on an autosome, as has been described for Eif2γy (29) . The pattern detected by TB4X is difficult to interpret with certainty. It is very complex, despite the fact that a small probe of 300 bp covering the entire TB4X coding region was used, and suggests that copies of TB4X have been dispersed throughout the genome during mammalian evolution, possibly by retroposition. While some male-specific bands are visible, there are also many polymorphic bands, as evidenced by the presence of femalespecific bands. The horse does, however, show a simpler pattern of hybridization, revealing several bands that are less strong in the male than the female, suggesting X linkage. A faint male-specific band suggests that a gene is present on the Y chromosome and that this is, therefore, a gene that has been conserved on the Y chromosome during eutherian evolution. In the rodents, mouse and rat, a simple pattern is also evident, but no male-specific bands are apparent, suggesting either that there is no copy of TB4Y on the rodent Y chromosome or that it cannot be detected by Southern analysis because its sequence is insufficiently similar to TB4X. Equally, no male-specific bands were detectable in mouse or rat using EIF1AX as probe. Faint EIF1AX homologous fragments are visible in the XXSxr a and XXSxr b tracks, but the absence of corresponding bands in the male track suggests that these may only represent a polymorphism. Further studies will be required to determine whether or not homologues of EIF1AX or TB4X have been conserved on the mouse Y chromosome.
One general exception to the conservation of these genes on the mammalian sex chromosomes is of particular interest. No malespecific fragments are evident in the kangaroo (marsupial) and, in addition, the male/female common bands hybridize with equal intensity in both sexes, suggesting that the homologues of all these genes are autosomal in this species. Such a finding has previously been reported for homologues of ZFY, which are autosomal in marsupials and monotremes, despite being found on the X and Y chromosome in eutherian mammals (34) (35) (36) . It has been proposed that the sex chromosomes evolved from an autosomal pair and that autosomal segments have subsequently been added via the pseudoautosomal region during mammalian evolution (37). Our results suggest that all the X-Y homologous genes newly placed on the ∆Sxr b transcription map are not remnants of the original autosomal pair but are later additions to already evolved sex chromosomes. They were most likely translocated to the sex chromosomes in an ancestor common to all eutherian mammals after the divergence of the eutherian and marsupial lineages.
DISCUSSION
The ∆Sxr b interval of the mouse Y chromosome is essential for early postnatal germ cell development. In this paper we present a detailed transcription map of a 750 kb stretch of the ∆Sxr b interval. The outstanding feature of the ∆Sxr b interval transcription map is its high density of X-Y homologous genes. Its strong correlation with the independently determined transcription map of the human Y chromosome (25) indicates that most of such genes map into this interval of the mouse Y chromosome. The map consists of eight genes and adds four functional genes, Dffry, Dby, Uty and Eif2γy, and one decayed non-functional gene, Tspy, to the previous map. Three of these genes, Tspy, Dffry and Uty, had already been localized to the ∆Sxr b interval, but were not anchored to a contig. Two genes, Dby and Eif2γy, had not previously been described. Zoo blot analysis shows that these X-Y homologous genes and EIF1AY have been conserved on the eutherian Y chromosome for functional reasons and are not the result of recent translocations from the X chromosome.
Dby represents the mouse homologue of the recently isolated human Y gene DBY (DEAD box Y) and encodes an RNA helicase containing a DEAD box motif. Dby has 83% nucleotide identity with the testis-specific gene PL10 (33) . The PL10 protein is probably involved in the initiation of mRNA translation, as it is able to complement a deletion of the homologous yeast gene DED1 (53% amino acid identity) which has been shown to be necessary for the binding of mRNA to the ribosome (38) . Thus, as for the Eif2γy and EIF1AY gene products, the Dby gene product is likely to be involved in initiation of mRNA translation at the ribosome.
Comparison with the transcription map of the human Y chromosome reveals many similarities. Firstly, all but two of the eight ∆Sxr b genes have homologues on the human Y chromosome. Despite the fact that homologues have been found on the Y chromosome in several mammalian orders, no Y homologue has been identified for Ube1y or Eif2γy in human, where only an X homologue and, in the case of Eif2γy, an additional autosomal retroposon can be detected. Conversely, no homologue for the human EIF1AY, TB4Y, PRKY, RPS4Y or AMELY genes has yet been found on the mouse Y chromosome. The most striking correlation between the two maps is the syntenic homology of the genes Dffry-Dby-Uty, which are in close proximity in both human and mouse. Homologues of these three genes were previously colocalized to deletion interval 5C of the human Y chromosome, but their relative order and the physical distance between the genes was not determined. The results of the present study indicate that these genes are identically arranged in the mouse and human, revealing the first significant syntenic homology between Y chromosomes of different mammalian orders.
This syntenic homology between mouse and human may have a functional significance, as deletions affecting both the DffryDby-Uty block and its human counterpart are associated with severe early blockages in spermatogenesis. The effect of such a deletion on mouse spermatogenesis has been precisely characterized in the XSxr b O mouse (8) . It is known that the blockage associated with the Sxr b deletion affects prepubertal proliferation of the spermatogonial germ cells, resulting in almost complete Figure 4 . Y copies of EIF1AX appear to be widespread among eutherian mammals but the pattern detected by TB4X is too complex to allow such a conclusion to be drawn. Sizes of 1, 3 and 10 kb are indicated by the lines at the side of the autoradiographs.
absence of meiotic germ cells. The cells are able to complete all stages of spermatogonial differentiation, but inefficient cell division followed by cell mortality results in an adult testis which is small in size and essentially free of germ cells. In the case of human spermatogenesis, however, such a precise characterization of the abnormal prepubertal phenotype is impossible, although a Sertoli cell-only type I phenotype (absence of germ cells and small testis volume) is interpreted as the result of a prepubertal block in spermatogonial development. The five reported cases of Y chromosome deletions that give rise to such a phenotype all concern the AZFa region (1,3) . The DFFRY-DBY-UTY block lies at one extremity of the AZFa interval and DFFRY has been directly or indirectly demonstrated to be deleted in all cases. Further characterization of the AZFa deletion breakpoints is under way, in order to define the critical interval and the candidate genes. The present comparative mapping strongly suggests that homologous genes defined by this block or other closely linked genes are necessary for normal spermatogonial development in both species.
Apart from the DFFRY-DBY-UTY homologous block, the relative disposition of TSPY and the X-Y homologous genes on the Y chromosome in mouse and human indicates that the two chromosomes have radically different structures (Fig. 6) . In the mouse all such genes are clustered within the ∆Sxr b interval, but in the human they are spread out along 30 Mb. This difference must result either from a compression of the X-Y component during rodent evolution or a dispersion during primate evolution. Consistent with the latter proposition is convincing evidence that, recently in primate evolution, there have been insertions, inversions and amplifications within the euchromatin that now lies between the X-Y homologous genes on the human Y chromosome (39) (40) (41) (42) (43) (44) (45) . The two alternatives are not, however, mutually exclusive; zoo blot analysis indicates that the ∆Sxr b X-Y homologous genes are of at least two distinct evolutionary origins, suggesting that distinct blocks of genes have moved together on the Y chromosome during rodent evolution. The presence of Tspy, a gene with no detectable X homologue, within this cluster might indicate that the X-Y homologous genes have condensed around Tspy, although it is equally possible that Tspy was translocated into its current position.
At present the mouse Y chromosome can be divided into two distinct regions at both the molecular and the functional level, with the testis-determining gene Sry located at the dividing boundary (Fig. 6) . The minute short arm carries a cluster of functional genes, each having a diverged homologue on the X chromosome. Deletion of these genes is associated with a disruption in spermatogonial development. The rest of the chromosome, which remains ill characterized, largely consists of an estimated 300-500 copies of a complex element, composed of at least two Y-specific proviral genomes (46, 47) , which accounts for a minimum of 15-20% of the Y chromatin. Throughout the long arm this repeat is interspersed with low to medium level repeat elements (48, 49) . Large cytogenetically visible deletions of the long arm and deletions of pericentromeric sequences are associated with increased numbers of spermatozoa with abnormal head structures (7, 50) . Recent systematic cDNA selection performed in the human revealed that many human Y chromosome genes are encoded by such repeat elements (25) . In the mouse one such gene, Ssty, has been isolated from the Y chromosome, where it is present as a heterogeneous multicopy gene family dispersed along the long arm (6, 51, 52) . Expression of Ssty is limited to the spermatids, consistent with its having a role in spermiogenesis (6) . The mouse Rbm gene is present in an estimated 20-50 copies near the Y centromere and deletions that remove most of these copies are associated with an increase in the production of malformed spermatozoa (7) . Thus, at the current resolution of the genetic and transcription maps of the mouse Y chromosome, spermatogonial proliferation factors map to an X-Y homologous gene-rich short arm, while spermiogenesis factors are located on a repeat-rich long arm and in the pericentromeric region.
According to sex chromosome evolution theory, genes on the Y chromosome inevitably accumulate mutations and lose their functions because of the absence of recombination (53) . This loss has been unequivocally demonstrated to have occurred in the case of murine Tspy (26) . There is strong evidence indicating that the UBE1Y gene was lost from the primate Y chromosome <35 million years ago and in the accompanying report (29) it is concluded that the primate EIF2γY gene was also lost from the Y chromosome during primate evolution. Thus, it can be extrapolated that the non-recombining Y chromatin is so unsuited to the maintenance of genetic information that genes that do not confer a significant advantage will be lost from the genome. Comparative analysis in this and other studies shows that the ∆Sxr b X-Y homologous genes have been selectively maintained on the eutherian Y chromosome (20, 21, 29) . The fact that the only evident phenotype associated with Sxr b deletion is a failure of germ cell development therefore strongly suggests that the seven functional genes which lie within this interval are required for normal spermatogenesis. It is, however, possible that each individual gene only acts to improve the efficiency of the process and is not in itself critical for spermatogenesis.
It is now clear that in the mouse the production of normal numbers of mature spermatozoa requires an interval of the Y chromosome which is dense in X-Y homologous genes. This raises the possibility that deletion of such genes underlies the impaired spermatogenesis not only in the XSxr b O mouse, but also in cases of human infertility, where a drastically reduced sperm count is associated with a deletion of the Y chromosome. Consistent with this hypothesis, the X homologues of several X-Y homologous genes have 'housekeeping' functions (UBE1, ubiquitin activation; EIF1AX, DBX and EIF2γ, initiation of protein translation; RPS4X, a component of the ribosome) and evidence is strong that the phenotypes associated with at least Sxr b and AZFa deletions are rooted in a failure of a basic cellular function, mitotic proliferation. However, the transcription maps of the mouse ∆Sxr b interval and the human AZF intervals are not definitive and until the final maps are available, such ideas must remain speculative. An evaluation of the involvement of X-Y homologous genes in mouse spermatogenesis may now be achieved by transgenic experiments aimed at complementing Sxr b deletion or by inactivating the ∆Sxr b genes by homologous recombination.
MATERIALS AND METHODS
Exon trapping
Exon trapping from cosmids was performed using the vector pSPL3 as previously described (26) . Exon trapping from BAC clones was performed essentially as before but with the following modifications. The pSPL3b vector was used. The pSPL3b vector was created by removal of a cryptic splice site from pSPL3 and was kindly supplied by Genzyme Genetics. Fragments generated by Sau3AI partial digestion of BAC DNA were subcloned into the BamHI site of this vector. Following Sau3AI digestion the BAC DNA was either migrated on a 0.8% agarose gel and the fragments lying between 3-7 kb excised from the gel and extracted by freeze-fracture with phenol (b72) or passed over a Chromaspin-1000 column (Clontech) to remove small fragments (b81). The size-selected fraction was precipitated and quantitated by migration on a gel. Approximately 100 ng insert was ligated to 50 ng vector.
cDNA isolation
An adult mouse testis cDNA library (26) was screened with exon trap products, the Uty cDNA L10.1 (22) and a Dffry cDNA amplified by RT-PCR with primer pair oMJ324/oMJ326 (3). Single cDNAs containing the complete coding region of Dby and Uty were sequenced, respectively, by transposon insertion (54) or primer walking. The Eif2γy cDNA was isolated and sequenced as described elsewhere (29) .
Southern blot analysis
Southern blots were performed as previously described with 5 µg genomic DNA. The Dby probe used in Figure 1 was 1.1 kb derived from the 5′-end of the Dby cDNA λmim10 and was amplified using Dby-specific primer oMJ444 and vector-specific primer oMJ179. The probes used for the zoo blots were derived from regions of the corresponding X homologue that showed high identity with the Y gene. For Utx a 1.3 kb fragment from the 5′-end of the cDNA clone 1E (32) was amplified using primer pair oMJ390/oMJ398. For Dbx a fragment was amplified with oMJ445/oMJ446 from a full-length PL10 cDNA pmim5. PL10 has 89% nucleotide identity to Dbx (N. Saut and M.J. Mitchell, unpublished data). For DFFRX a fragment covering the 5′ coding region was isolated from a human cDNA with mouse Dffrx primers oMJ346/oMJ347. The coding regions of TB4X and EIF1AX were amplified by RT-PCR from poly(A) + testis RNA using oMJ388/oMJ389 and oMJ399/oMJ400 respectively. The EIF1AX cDNA was cloned at the T overhangs of pGEMT-easy (Promega) and the TB4X cDNA was cloned into the SmaI site of pBSII KS+ (Stratagene). Inserts were verified by sequencing and TB4X and EIF1AX probes were amplified using the same respective primer pair as used for the RT-PCR. After PCR amplification from recombinant DNA the probes were purified directly using QIAquick PCR purification columns (Clontech).
Polymerase chain reaction
Preparation of cDNA was as previously described (26) . PCR from genomic DNA and cDNA was performed using 35 cycles (30 cycles were used to amplify from recombinant DNA) of 94_C for 30 s, annealing temperature for 30 s and elongation at 72_C for 1 min/kb. Reactions were performed using 0.015 U/µl Taq polymerase (Appligene) using the supplier's buffer (1× = 10 mM Tris-HCl, pH 9.0, 0.1% Triton X-100, 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mg/ml BSA), 200 µM each dNTP and 1 mM each primer. The primers used and their annealing temperatures are described in Tables 2 and 3 . GAAAATAACAATTTCTGTTCTG  oMJ277  TTCACAGAAGTCATTCAGAAC  oMJ278  TCCTCTTCCCATAGTATAGC  oMJ346  AGTTGGAGGGAATGACAACC  oMJ347  GGAAGAAGTTCTAGAAGTGG  oMJ386  CAGCAAAATTCTAAGAGCCG  oMJ387  CTCTCAGGTCTGGGAACATC  oMJ388  GTCTGACAAACCCGATATGG  oMJ389  GCCTTCGTTGTCAGTAGTTC  oMJ390  TGCTGTGCTGTGTTCATGGC  oMJ398  CAAGGCTGTTCGCTGCTACG  oMJ399  GACGCAGGGGTAAGAATGAG  oMJ400  TAGCATGCTCTGGAAGCTCG  oMJ403  GGTCTGGAAAAACTGCTGC  oMJ444  TTGGTGGCATTGTGTCCTGC  oMJ445  GAAATAGTCGCTGGTGTGAC  oMJ446  ATCATATCCACTAGACGTCC  oMJ472  GAACAGCCGTTTTCAGGTCC  oMJ473  TACCTAGGGCAGCAGTAGTG  oMJ474  GCCACCGTAGACCTGTTTCC  oMJ475  CAAGGTCATTTGTTACGGTGC  oCMP1  TTTTGTGTGTTTTGAGGCCA  oCMP2  TGGCAGTTACGTCTGGAAAA  oCMP3  TTCAAGGGAGAGAAAGCCAAAAA  oCMP4  CACGGTCAAACTGGCTAAGA  oCMP5  TCAGACCATTTGGACAATGC  oCMP6  GGCATCATTTTTGGCTTCAT  oCMP7  TGTTGGTGAGGCTGATCTTG  oCMP8  AAAAGTGAATGTTGGCCAGG  oCMP9  TCAAAAATGCTGGTGCTACG  oCMP10  GCTTCTCATCCCCGAACA  oCMP11  AAATTGCTGGAAGCCATCAC  oCMP12 GGGTGGTCCTTGAAGACAAA Sequences are written 5′→3′. 
Orientation of Dby
PCR was performed using the Expand 20kb PLUS PCR system kit (Boehringer Mannheim) and the Dby BAC clones b99 and b81 as templates. The primers used were oMJ474 (Dby 5′), oMJ475 (Dby 3′), oMJ472 (Dffry 3′) and oMJ473 (Uty 5′). Only the combinations Dby 5′/Dffry 3′ and Dby 3′/Uty 5′ generated a product. The PCR conditions used were as described in the kit and the cycle parameters used were: 92_C for 60 s; 10 cycles of 92_C for 10 s, 61_C for 30 s, 68_C for 27 min; 20 cycles of 92_C for 10 s, 61_C for 30 s, 68_C for 27 min + 10 s/cycle; 68_C for 7 min.
Identification of human PAC and YAC clones
YAC and PAC clones containing the DFFRY, DBY and UTY genes were identified by PCR screening a set of YAC clones covering the Y euchromatin (55) and the RPCI1 human male PAC library, obtained from the UK HGMP resource centre. Primers were used for previously described STS markers sY83-sY88 (56), DBY 3′ (GenBank accession no. G34990), DBY 5′-GY6 (55), UTY (GenBank accession no. G34977) and DFFRY-J+D (3). Additional primer pairs were derived from the 3′-UTR of the longest UTY transcript (GenBank accession no. AF000994), UTY 3′ (oCMP1/oCMP2) and the DFFRY genomic sequence (GenBank accession no. AC002531), DFFRY 5′ (oCMP3/oCMP4), DFFRYex10 (oCMP5/oCMP6), DFFRY-in19 (oCMP7/oCMP8), DFFRYex33 (oCMP9/oCMP10) and DFFRY 3′ (oCMP11/oCMP12). The sequence and annealing temperature of unpublished primer pairs are given, respectively, in Tables 2 and 3 
